Objective: This study aimed to assess the safety and efficacy of the Elevate Anterior/Apical transvaginal mesh procedure in pelvic organ prolapse (POP) repair at 12-months follow-up.
N early 11% of women will undergo pelvic organ prolapse (POP), urinary or fecal incontinence surgery in their lifetime 1 and the reoperation rate may be 12% to 30%. 1,2 Pelvic organ prolapse may involve the anterior, posterior, and apical compartments of the vagina alone or, more commonly, in combination. Recent research using imaging of the pelvic floor has led to a much better understanding of the anatomy of pelvic organ support. 3 Anterior compartment prolapse (cystocele) is associated with apical connective tissue support defects 3 and levator muscle tears resulting in a larger genital hiatus. 4 With the introduction and acceptability of synthetic mesh use for midurethral slings, mesh was increasingly adopted for use for POP repairs. 5, 6 In addition, there is a commonly held understanding that traditional native tissue POP repairs lack durability and the use of mesh or graft implants may reduce the risk of recurrent prolapse 7 particularly in the anterior compartment. Different types of surgical meshes have been used for POP surgery, however, lightweight, macroporous (975 Km) polypropylene is the preferred synthetic graft at present. Perhaps, more importantly, the techniques to deliver the synthetic mesh prosthesis have also evolved. Trocar-based systems introducing mesh through the transobturator and ischiorectal fossa approaches were quite popular. The anatomic success of these procedures ranges between 60% and 96%, 8, 9 however, these techniques do not provide good apical support. 9, 10 To address this deficiency, the Elevate Anterior and Apical (EAA) technique was developed in which a synthetic mesh implant is secured transvaginally to the obturator internus muscle distally and apically to both sacrospinous ligaments thus providing apical support.
The objective of this prospective, multicenter study was to determine the safety and efficacy of the EAA at 1-year follow-up.
MATERIALS AND METHODS
This study enrolled 142 women with POP at 10 US and 6 European centers between April 2009 and February 2010. Inclusion criteria for participation were age 21 years or older, symptomatic primary or recurrent anterior or apical vaginal compartment prolapse POP-Q stage II or greater requiring surgical repair. Patients could have posterior compartment prolapse but were excluded if a posterior apical procedure was performed concomitantly due to the confounding aspect of 2 apical support procedures done simultaneously. Exclusion criteria were a prior prolapse implant procedure (previous traditional, native tissue repairs were allowed), active or latent infection, restricted leg motion, pregnancy or intention to conceive during the study period, prior pelvic radiation, pelvic cancer or chemotherapy within the 12-months before study enrollment, uncontrolled diabetes, immune suppression or the use of immune modulators, and the ability and willingness to give a valid informed consent.
Study Design
Before enrollment, all investigator surgeons met to establish a standardized surgical technique described in the Methods section. Prolapse evaluation using the POP-Q 11 method was also standardized to ensure uniformity by the researchers. All of the surgeons had performed at least 5 EAA procedures before enrolling. Symptomatic genital prolapse was staged preoperatively and postoperatively 6 and 12 months according to the POP-Q staging.
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The primary outcome was anatomic correction of anterior or apical prolapse with success being defined as POP-Q less than
Surgical Technique
The initial step required to implant the EAA mesh is hydrodistention of the vesicovaginal space with a local anesthetic and vasoactive agent mixed in saline or saline alone. This is followed by full-thickness vaginal dissection to effectively implant the mesh into the relatively avascular vesicovaginal space. A vertical anterior vaginal wall incision from just proximal to the level of the bladder neck extending toward the apex is made. The depth is enough to ensure full thickness after which sharp and blunt dissection laterally and apically to identify the arcus tendineus, ischial spines, and sacrospinous ligaments bilaterally. This dissection is usually bloodless if the proper plane is entered and the surgical field is unaltered by prior surgery.
After the anterior compartment dissection is complete, an absorbable distal fixation suture is placed near the urethrovesical junction which is attached to the midportion of the distal end of the synthetic mesh. The distal arms of the graft are attached to the obturator internus muscle just proximal to the ischial pubic ramus in the obturator foramen using the attached self-fixating tips. The vaginal apex either with or without a uterus is identified and 2 absorbable sutures are placed and held to fix to the proximal portion of the graft. A polypropylene strip with a barbed apical fixation tip is loaded onto an apical needle. This self-fixating tip mates to the needle such that the tines are always in a vertical orientation. The combined elements are covered with the curved plastic sheath which is inserted into each sacrospinous ligament 2 cm medial to the ischial spine. The depth of penetration is controlled by the plastic sheath. Care to sweep the lateral midvaginal and apical tissue out of the way is important to avoid kinking of the ureter(s) or viscus damage.
The apical tail of the graft is trimmed as appropriate to fit the patient's vaginal length and the previously placed apical sutures are affixed to the apical portion of the graft. The apical portion of the graft is loaded onto the polypropylene mesh strips by inserting the strips through open eyelets on the body of the mesh. An adjustment tool with 1-cm incremental markings is used to slide the mesh along the apical strips until the desired mesh tension and position is obtained. Ultimately, the graft is placed in a supportive yet tension-free manner. The graft is locked in position with 1-way locking eyelets that are inserted over the mesh strips and prevent the graft from sliding back. The excess polypropylene mesh strips are trimmed such that at least 1 cm of mesh extends beyond the locking eyelets to decrease the possibility of dislodging or slipping. The vagina is closed using absorbable suture. Vaginal trimming is surgeon specific but is not usually needed due to the fibroelastic qualities of the vagina. The vaginal compartment should resemble a stage I prolapse at the conclusion of the procedure.
Statistical Analysis
Wilcoxon signed rank test was used to compare the POP-Q measurements between baseline and at 12 months. Proportions were compared using Fisher exact test. The exact 95% confidence interval (CI) of the anatomic success rates was calculated using binomial method. Missing data were treated using Last Failure Carried Forward (LFCF) method. Statistical analyses were performed using SAS Version 9.1.3. (SAS Institute, Inc). Statistical significance was assessed at P G 0.05.
RESULTS
One hundred forty-two women who met the criteria were enrolled after institutional approval and consenting to participate. Fourteen (9.9%) were excluded due to receiving a concomitant apical support procedure at the time of posterior repair. Of the 128 who received the transvaginal device, 112 (87.5%) completed their 12-month follow-up visit. Baseline demographics are presented in Table 1 . Mean operative time was 53.6 (22.3) minutes.
Anterior compartment prolapse of POP-Q stage II or greater was diagnosed in all patients, whereas apical prolapse of stage II or greater was found in only 87 (68.0%) patients. Anatomic success using the LFCF method was 87.7% for the anterior compartment and 95.9% for the apical compartment ( Table 2) . Anterior compartment reconstruction may predispose to posterior compartment prolapse. Our results show that at baseline, 54.2% (77/142), whereas at 12 months, only 14.4% (18/125) had POP-Q stage greater than or equal to 2 posterior compartment prolapse. At 12 months, 28 (22.4%) of the 112 subjects had POP-Q stage greater than or equal to 2 in any compartment with 4 (3.6%) extending beyond the hymen. There was statistically significant improvement in all parameters of interest Aa, Ba, C, and D (Table 3) . Total vaginal length was not changed [8.5 (1.2) cm at baseline; 8.6 (1.2) cm at 12 months] (P = 0.331).
A total of 42 patients experienced 61 adverse events. Procedure-or device-related complications are reported in Table 4 . The most common complications were mesh exposure to the vagina (6.3%) with onset noted between 37 and 370 days, and urinary tract infection (UTI) (5.5%) with onset of 4 and 185 days, respectively. Treatment of the mesh exposures in this study involved local excision in the office (3/8), excision in the operating theatre (3/8), 1 received topical estrogen, and 1 resolved without treatment. No viscus mesh perforation was found, however, 1 mesh was explanted during repair of a recurrent cystocele. Hematoma was diagnosed between 6 and 11 days in 3 (2.3%) patients, all of which resolved spontaneously. Only 1 patient underwent reoperation for prolapse during the 12-month period.
Quality-of-life questionnaire outcomes showed statistically significant improvement for all total and domain scores and are listed in Table 5 . Self-reported satisfaction showed that 6.3% were only slightly or not satisfied, whereas 93.7% were moderately, very, or extremely satisfied with the outcome of Accounting for missing data, 9.6% reported bulge using LFCF.
DISCUSSION
The EAA transvaginal mesh placement method compares favorably to the trocar-based anterior compartment prolapse procedures, sacrospinous fixation, iliococcygeus suspension, and sacrocolpopexy. The data presented from this study using synthetic mesh show excellent anatomic correction of prolapse at both anterior and apical compartments. The primary end point of anatomic success at 12 months was 95.9% for the apical compartment and 87.7% for the anterior compartment. These results compare favorably to 61% to 96% success of trocar-based anterior compartment mesh POP repairs 15 and nontrocar transvaginal mesh implantation. 16 Vaginal apical support procedures are successful in approximately 94% to 97% 17, 18 for the sacrospinous fixation and uterosacral ligament suspensions. The apical anatomic success rate for the sacrocolpopexy, consider by many to be the gold standard apical support method, is 91% to 100%. 6 Trocar-based systems deliver the synthetic mesh using trocars that pass through either the obturator spaces, transgluteally (via the ischiorectal fossa), or both. These approaches involve anatomical areas generally unfamiliar to pelvic surgeons. Further, the trocars pass through and under lateral pelvic muscles (iliococcygeus, pubococcygeus, puborectalis, and coccygeus), fascial support tissue (arcus tendineus fascia pelvis), and ligaments (sacrospinous) and deposit permanent nonabsorbable mesh. There is an inherent risk of intraoperative injury to vessels (pudendal, internal iliac, uterine, inferior gluteal, and vaginal), nerves (pudendal and sciatic), and pelvic organs (bladder and rectum). 19, 20 Postoperative complications are common to all POP procedures whether grafts are used or not. 15 The complications one would anticipate for any POP repair include UTI, voiding dysfunction, de (n) (n) Adverse event is defined as any negative medical change (worsening) from the subject's baseline condition that is related to the subject's pelvic floor, could impact the subject's treatment course or outcome, or is related to the study device or procedure. A serious adverse event is death, life threatening, hospitalization, or significant disability. 6 and 0% to 12% for the sacrocolpopexy. 21 In this study, mesh exposure occurred in 8 (6.3%) patients and was diagnosed at a median interval of 82 days. Vaginal estrogen therapy was prescribed in 67 (52.3%) of patients in this study, however, it does not seem that estrogen supplementation plays much of a role preventing or the spontaneous healing with mesh exposure. 22 Pelvic hematoma is a complication associated with any POP procedure or hysterectomy; however, it is likely more common when trocar insertion is used. 23, 24 Three (2.3%) patients in this trial experienced a transient hematoma. Only one required a transfusion and the rest resolved spontaneously. Fortunately uncommon, the EAA avoids blind trocar passage. In this procedure, the hematomas most likely occurred during dissection in the paravesical space, with penetration of the coccygeus muscle, or in association with a concomitant hysterectomy.
The most common complaint after sacrospinous fixation is buttock pain which rarely requires suture removal. 25 Transient pain was reported in the buttock in 5 (3.9%) and in the vagina in 2 (1.6%) patients. The mechanism of this transient pain is likely local entrapment of pudendal branches such as the perforating cutaneous nerve. 26 De novo dyspareunia was reported by 3 (2.3%) patients with complete resolution; 2 received local infiltration and 1 received no intervention.
Almost all POP trials show subjective improvement in questionnaire scores. The self-reported QOL outcomes in this study using the PSIQ-12, PFDI, and PFIQ-7 all revealed statistically significant improvement at 12 months.
CONCLUSIONS
This prospective observational study shows that EAA yields favorable objective and subjective outcomes. Key findings are comparably low complication rates and low mesh exposure rates. Future comparative studies need to assess whether EAA should be the treatment of first choice in patients with apical and/or anterior vaginal wall prolapse.
